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Introduction
We know at least since the times of Adam Smith and David Ricardo that the integration of markets promises welfare gains for all participating countries. However, the spatial dimension of these welfare gains within countries and the associated migration patterns are less understood. Recent developments of rigorous quantitative models that incorporate regions and free mobility of workers between locations (e.g. Allen and Arkolakis, 2014 , Behrens, Mion, Murata, Suedekum, 2017 , Redding, 2016 allow us to address this topic.
In this paper, we take a closer look at European integration by applying the spatial perspective. Which regions benefitted most from the dismantling of trade barriers and what migration pattern did these heterogeneous welfare effects cause? Addressing these questions aims at a better understanding of the spatial allocation of economic activity in Europe.
We combine a unique data set on inter-regional trade flows in Europe with a quantitative spatial model and analyze two events in the integration process of Europe. First, we raise trade costs to the level before the Common Market was established in 1957. According to Levchenko and Zhang (2012) , trade costs in the European Union were about 45 percent higher in the 1960s compared to the 2000s. As substantial trade cost reductions took place with the founding of the European Community in 1957, we run our counterfactual with 60 percent higher trade costs across national borders. Second, we estimate welfare changes and implied migration flows for regions within the UK and in other European countries after the Brexit. Following Dhingra et al. (2016) , we distinguish between an optimistic scenario where trade costs increase by about 3.7 percent and a pessimistic scenario with a 13.9-percent increase in trade barriers. These counterfactuals inform us about the magnitude of effects and -more importantly -about (relative) winners and losers across 1,318 NUTS-3 regions.
The model predicts moderate welfare losses of 1-2 percent when we withdraw the market integration steps since the introduction of the European Community in 1957.
These welfare effects are distributed very heterogeneously across regions. The periphery experiences welfare losses that are up to six times larger than those in some core regions, so migration is triggered from remote locations to the European center. In our baseline scenario, the model suggests overall migration of 8.1 million individuals or 1.6 percent of the European population. In alternative scenarios, these figures rise to 11.4 million or 2.3 percent, respectively. European integration has therefore contributed to a more homogeneous distribution of economic activity.
The Brexit is associated with an increase of trade costs between the UK and the rest of Europe at national borders. As trade frictions between intra-national regions and across all other national borders remain unchanged, the model predicts only small welfare effects ranging between -0.2 and -0.44 percent for the UK in the pessimistic scenario. The EU, in contrast, is much less affected with welfare losses being only half of those in the UK on average. These heterogeneous effects trigger migration of up to one million individuals in the most unfavorable scenario and with free migration across European regions. In that case, more than 500,000 individuals from the UK would relocate to the European Union.
If migration is only allowed within UK boundaries, only 14,000 to 53,000 people migrate to equalize welfare differences within the country. In all scenarios, Scotland faces the largest losses in terms of welfare and hence the largest outmigration of people.
It is well understood that single-sector models like the one we use generate moderate welfare effects of trade liberalization. Implementing many sectors that use other sectors' output as intermediate inputs in their own production process magnifies welfare effects substantially -in Costinot and Rodriguez-Clare (2014) on average by a factor of six.
We do not put too much emphasis on the level of welfare changes, but rather stress the heterogeneity across European regions triggering national and international migration.
This establishes a main difference from the quantitative international trade literature (see Costinot and Rodriguez-Clare, 2014) . As migration decisions are determined by relative welfare effects, we think that the model's prediction on migration flows is less sensitive to modelling decisions in this direction.
We build our analysis on recent work by Allen and Arkolakis (2014) employing an Armington trade model with perfect competition at the local level and heterogeneous goods across regions. Individuals are mobile across locations. Higher density causes both a positive production externality and a negative congestion externality ensuring stability and uniqueness of the migration equilibrium under certain parameter conditions. As trade is costly, geography matters for the attractiveness of locations. In the periphery, for example, distances to trading partners are larger on average implying higher price indices there compared to centrally-located regions. With a negative distance elasticity of trade flows exceeding unity, it is immediate (and well known from the gravity literature) that responses of trade flows to trade shocks are increasing in distance. This is the underlying force behind heterogeneous welfare effects of market integration across Europe and the implied migration pattern.
Our paper relates to a number of literatures. First, our paper adds to a recent and growing literature that extends quantitative trade models with factor mobility and exogenous local characteristics (e.g. Allen and Arkolakis, 2014 , Bartelme, 2015 , Behrens, Mion, Murata, Suedekum, 2017 , Caliendo, Parro, Rossi-Hansberg and Sartre, 2014 , Fajgelbaum and Redding, 2014 , Monte, Redding and Rossi-Hansberg, 2015 , and Redding, 2016 . We apply this framework to the European context requiring inter-regional trade data that have not been used at this scale previously. This allows us to provide novel insights about the regional variation in welfare and migration effects in Europe.
Second, our paper contributes to the quantitative international trade literature fo-cussing on regional economic integration. In a recent study, Levchenko and Zhang (2012) apply a multi-sector Ricardian model to explore the welfare implications of European trade integration. Corcos, Del Gatto, Mion and Ottaviano (2012) examine welfare effects of intra-EU-15 trade integration in a monopolistic-competition model with endogenous markups. Apart from building on a different methodological framework, our work deviates as we focus at heterogeneous implications at a more disaggregated regional level and accounting for both inter-regional and international migration flows.
Third, we contribute to the debate on the economic consequences of a withdrawal of the United Kingdom from the European Union. To the best of our knowledge, we are only aware of one paper by Dhingra et al. (2016) quantifying welfare effects of the Brexit. In contrast to their paper, our approach allows us to highlight welfare changes at the regional level within the UK and derive migration responses.
The paper is organized as follows. We first introduce the model in section 2. Section 3 discusses quantification and the data we use. We discuss counterfactuals in section 4 before offering concluding remarks in section 5.
A quantitative spatial model
Setup. Consider a world with a continuum of locations i ∈ S inhabited byL mobile workers. 1 Each location produces one unique variety of a good under perfect competition like in Armington (1969) or Anderson (1979) . Goods can be shipped to other locations at iceberg costs such that T (i, s) ≥ 1 units have to be sent from i for one unit to arrive in s. 2 Intra-regional trade costs, T (i, i), are normalized to unity. Further, locations differ from each other with regard to productivity A(i), amenities u(i) and remoteness being determined by bilateral trade costs with their trade partners.
Workers have identical preferences over the continuum of varieties that can be substituted with each other with a constant elasticity of substitution σ > 1. They also care about the utility derived from a local consumption amenity such that
where q(s, i) denotes consumption of the variety in location i that is produced in s. 3
Welfare is increasing in both the quantity consumed and the number of differentiated
1 The continuum of locations is only for generalization. Later in the analysis we will only rely on a discrete number of locations.
2 We assume that the triangle inequality holds for any
for any i, s and k.
3 Allen and Arkolakis (2014) demonstrate that it is straightforward to introduce locational preferences into the utility function. This only affects the elasticity of amenities with respect to population as discussed below.
varieties as well as in local amenities u(i). Maximizing utility subject to income yields individual demand for a variety from s in location i
where w(i) is the nominal wage paid in i, p(s, i) denotes the consumer price in i and P (i)
represents the price index. With labor as the only factor of production and provided that perfect competition on the product market equates prices to marginal costs, we obtain consumer prices as p(s, i) = T (s, i)w(s)/A(s) and the price index
Local productivities and amenities are determined by an exogenous component,Ā(i)
andū(i), and an endogenous part dependent on a location's population. The composite productivity level is given by
where α ≥ 0 represents the elasticity of productivity with respect to population density.
This formalization is a short cut for agglomeration externalities like knowledge spillovers or labor-market pooling that increase firm productivity in location i. 4 In contrast, higher population density also causes congestion externalities rendering a location less attractive.
Local amenities are defined as
with β ≤ 0 capturing the idea of a negative congestion externality.
Gravity.
With these ingredients at hand, we are able to derive a gravity equation for bilateral trade flows between locations. Letting X(i, s) be the value of shipments from i to s, we have
where 1 − σ is the trade elasticity of the CES demand system.
Equilibrium.
In equilibrium, free mobility of individuals ensures that welfare is equalized across locations. Using insights from above, we can express welfare in location i as a function of the location-specific amenity and real wages,
Remote locations are characterized by a higher price index which has to be compensated by higher nominal wages and/ or higher amenities than in centrally-located places for
Further, goods and factor markets need to clear. In equilibrium, the aggregate value of the good sold to all destinations is equal to total income, so
Labor market clearing implies
The Armington assumption ensures that all locations are specialized in the production of one unique differentiated variety, such that the equilibrium can be defined in aggregates.
Based on the parameters α, β, σ,Ā(i), T (i, s),ū(i) , the general equilibrium can be described by a vector of six variables {w(i),
and a scalar W . The equilibrium vector solves the following set of equations: welfare (7) is equalized across locations; goods markets clear, (8); bilateral sales, (6); price indices (3); amenities and productivities according to (5) and (4); and we finally apply labor-market clearing (9) to determine the scalar W .
Combining (6) and (7) with (8), we get
Second, (7) jointly with the price index (3) delivers
where (4) and (5) have been substituted for composite productivities and amenities. Feeding the system of equations with information on bilateral trade costs, wages and population delivers solutions for exogenous productivities and amenities up to a constant with W σ−1 as the eigenvalue of the system. 5 Allen and Arkolakis (2014) show that there is a unique and stable equilibrium if α + β ≤ 0.
Quantification
Quantifying the model requires estimates for bilateral trade costs T (i, s), exogenous productivitiesĀ(i) and exogenous amenitiesū(i). We discuss identification, data sources and results for these steps sequentially in the following two subsections. 
Parametrization of trade costs
To the best of our knowledge, there is no data set that contains information on inter- The dataset allows us to differentiate by mode of transportation (road, rail, water) and by product category. We do not rely on transportation by mode, however, and aggregate shipments over all transport modes at the first level of the NST2007 classification. 8 Table 1 provides an overview of the VVP-data coverage by comparing the reported aggregated trade volumes at the country level to those in COMTRADE. The principles and characteristics of the nomenclature of territorial units for statistics are available at http://ec.europa.eu/eurostat/web/nuts/principles-and-characteristics.
7 The data can be accessed via http://daten.clearingstelle-verkehr.de/276/. 8 NST is the abbreviation for Nomenclature uniforme des marchandises pour les statistiques de transport. This system represents a standard classification for transport statistics for goods transported by road, rail, inland waterways and sea (maritime) at the European level since 2008 and is based on the classifications of products by activity (CPA).
9 Notice that COMTRADE data are only available at the country level, but contain both volume and value information at the product level. distant locations, estimates of distance elasticities could be biased. We therefore focus on inter-regional trade flows where a German region is either an exporter or an importer. We relegate further details on this dataset to Appendix A.
As the regional trade data only contain information on volumes, we need to obtain values to apply the gravity equation. To this end, we define the ratio of values and quantities based on trade data from COMTRADE for the same set of countries and 2-digit product categories in 2010 to compute trade values. With this information at hand, we run a standard gravity regression to uncover the distance elasticity of trade flows. We follow the standard procedure in the gravity literature (see, e.g., Head and Mayer, 2014, for an overview) by estimating (6) with importer and exporter fixed effects to control for multilateral resistance. We proxy bilateral trade costs by distance according to
where˜ (i, s) is the error term. GIS software delivers Euclidian distances dist(i, s) between the centroids of locations i and s, so we end up with a 1, 318 × 1, 318 matrix. Loglinearizing (6) and substituting for the parametrization of trade costs yields the following gravity equation for the value of bilateral trade flows from i to s:
where δ(i) and γ(s) are exporter and importer fixed effects that control for wages, productivity, population and the CES price index. 10 Further, log (i, s) As the data distinguishes between product groups, we add product fixed effects in the estimation. Notes: Robust standard errors in parentheses. * * * , * * , * denote significance at the 1-, 5-, and 10-percent level, respectively. Columns (1) and (2) are based on total trade values. In columns (3) and (4) we use trade volumes in tons per 2-digit product group from VVP as the dependent variable. In all specifications, we account for exporter, importer and product fixed effects.
exporter and product-specific dummy variables account for the exporter-and productspecific price per ton that converts volume of exports into values.
The estimated coefficients on log distance are remarkably similar and range between −1.15 and −1.24, independent of using values or volumes. Moreover, the estimates are all statistically different from zero at the 1-percent level. Comparing our findings to those in the gravity literature establishes further credibility. Head and Mayer (2014) summarize that estimates of the trade-distance elasticity parameter in typical gravity equations cluster around -1.1 with a standard deviation of 0.41.
Identifying location fundamentals
A second piece of information that is unobservable from data, but required for quantification of the model, are values of exogenous productivitiesĀ(i) and amenitiesū(i). To uncover these model parameters, we feed estimated trade costs together with information on population L(i) and wages w(i) (proxied by GDP per capita) into (10) and (11). Both variables are provided by Eurostat at the NUTS-3 regional level. We divide total population of each region in 2010 by the area of that region and normalize both the population density and wages to have a mean of one. 11
We use the structure of the model to solve for the overall productivity A(i) and amenity u(i) level. Then we use (5) and (4) as suggested by Simonovska and Waugh (2014) . Additionally, we calculate the model for a wider range of spillover parameters for sensitivity. Combining our estimates for trade costs, exogenous productivities and amenities with wages, it is instructive to take a look at the implied price index in each location. Figure   2 illustrates the resulting geographic variation. The figure shows that our specification of trade costs as a constant elasticity function of distance leads to concentric circles around the geographic center of Europe. Intuitively, remote locations like Greece, Portugal or
Finland have the highest price index so we can use P (i) as a proxy for remoteness below.
11 See Allen and Arkolakis (2014) for details. 12 We use information on the final consumption expenditure of households by consumption purpose (COICOP 3 digit) from Eurostat with the code: nama_10_co3_p3. 
Counterfactuals
Based on the fundamentals of the model, we proceed by studying two major events of European integration. First, we withdraw the market integration steps since the foundation of the European Community in 1957 including the establishment of the Common and the Single Market. Second, we look ahead in time and evaluate different scenarios for the Brexit. Apart from overall effects on welfare and migration, we are particularly interested in the differences in welfare responses across regions and their implied migration flows that shape the economic landscape of Europe in the long run. As we have quantified the model based on data from 2010, we evaluate previous episodes of trade liberalization by simulating a situation prior to the respective reduction in trade costs. This means, we raise trade barriers to the level before the European Community was founded and compare this outcome to the status quo. Moreover, we keep the number of countries fixed. One might object that it is unnecessary to "replicate" the past as we can simply take a look at historical data. The rigidity of the model, however, allows us to abstract from other factors that have shaped the development of the local economy over time (e.g. technological change, population growth or changes in preferences) and simply focus on the implications of changes in trade costs. With regard to the Brexit, of course, we make statements about a trade shock that lies ahead of the baseline year 2010.
It is noteworthy that changes of trade costs have a specific flavor in our model. Trade integration is associated with lower barriers across national borders while bilateral trade costs do not change within countries. This is one of the novel aspects of quantitative spatial models allowing us to also study differential responses of border regions compared to non-border regions. We proceed in the standard way by using the estimated primitives of the model jointly with counterfactual trade costs to solve for wages and population density. Relating these values to observed data on wages and population in 2010 allows us to compute welfare changes and implied migration flows as a response to these hypothetical trade shocks.
Reversing the Common and Single Market
The introduction of the Common Market in 1957 and the Single Market in 1992 were two important steps towards a reduction of trade barriers within the European Union. Levchenko and Zhang (2012) have estimated that trade costs within Western Europe were about 45 percent higher in the 1960s compared to the 2000s. As trade barriers were substantially reduced in the 1950s already, Levchenko and Zhang (2012) admit that their estimate understates the overall difference in trade costs from before European integration to the present. Nevertheless, we use these estimates as a helpful point of departure and suppose that trade costs in the 1950s were about 60 percent higher than in 2010. 13 Then the model informs us about changes in welfare and population density. Of course, we ignore changes in exogenous productivities and amenities over time and only let changes in trade barriers drive welfare changes and migration according to the model. We simulate the model for three different mobility scenarios: no labor mobility, intranational labor mobility, and international (within Europe) labor mobility. Table 3 reports welfare changes by country in columns (1)-(3) in the absence of labor mobility and implied changes in population in columns (4)-(6) when workers can freely choose their place of residence. Note that the average welfare changes in column (1) are realized for all regions within a country when labor is allowed to move within national boundaries. In our benchmark specification, the model predicts an average welfare loss of 1.1 percent. However, the regional differences are enormous. Looking at average welfare changes by country, it is immediate that countries that are located in the periphery of Europe lose most while those in the center lose least. To name a few examples, Greece (-3.1 percent), Finland (-2.8 percent) or Portugal (-2.7 percent) lose more than Belgium (-0.8 percent), Germany (-0.8 percent) or France (-0.9 percent). At the regional level, these disparities become even 13 We have also derived results for trade costs changes of 50 percent and 100 percent, respectively, to assess the sensitivity of results. The overall welfare change increases by a factor of 1.8 when we increase trade costs changes from 50 to 100 percent. The results are available from the authors upon request. (5) and (6) show the minimum and maximum population change in a region per country.
more pronounced. The largest loss is observed in Greece with nearly 4 percent while the region with the lowest welfare loss of -0.59 percent is located in Germany -in the centre of Europe.
If we allow people to migrate to those places that offer the highest welfare level, we observe from columns (4)- (6) that migration would take place from the periphery to the core. There are only 6 out of 27 countries that experience immigration, namely Belgium, Germany, France, Luxembourg, the Netherlands and the United Kingdom. Greece is predicted to lose nearly 6 percent of its population as a response to this trade shock in the long run, some Greek regions even up to 8 percent. Corresponding to the welfare results, the region with the largest inflow of people can be found in Germany where the population is predicted to increase by 1.53 percent. Translating these figures to absolute migration flows delivers a value of 8.12 million individuals or 1.6 percent of the European population that would change their region of residence as a response to this trade shock.
To better understand the importance of location fundamentals for the change in welfare, we derive conditional correlations from a simple regression of the form
∆W ( Table 4 that remoteness, as proxied by the price index, turns out to play the most important role. Also the border dummy turns out significant. In contrast, the estimates for initial population density or exogenous productivity are not statistically different from zero. As ∆W (i) is negative for all locations, we can infer that a higher initial price index leads to stronger negative responses to increases in trade costs. border exerts the same impact qualitatively.
P 0 (i) and border represent measures for remoteness at the European and the national level, respectively, so the estimation results indicate that regions are affected differently by a common trade cost shock. Although trade barriers are only raised at national borders in this counterfactual exercise, regions in the European periphery (those with a higher price index) lose more if the trade elasticity exceeds minus one. This is a standard insight from international trade theory (see, e.g. Anderson and van Wincoop, 2003) . A similar argument can be made with respect to a region's location within a country. If located close to a national border, raising trade barriers at the border increases the remoteness of this location relative to other non-border locations in the same country. This is why, controlling for overall remoteness through P 0 (i), border comes out with a negative sign.
To get a feeling for the sensitivity of the results, we repeat the counterfactual exercise for alternative values of σ, α, and β and compute associated welfare changes and implied overall migration flows in millions and in percent of the European population. We compare σ = 9, which is in line with the preferred trade elasticity of 8 in Eaton and Kortum (2002) , with σ = 5 implying a trade elasticity of 4 as suggested by Simonovska and Waugh (2014) .
Further, we double the productivity elasticity α and reduce the congestion elasticity β to -0.6. As shown by Allen and Arkolakis (2014) , the model can be straightforwardly extended to account for heterogeneous locational preferences of workers where β = β 0 −1/θ. Setting the Frechet shape parameter θ = 3, as suggested by Bryan and Morten (2014) and used in Redding (2016) , and keeping the baseline congestion elasticity at β 0 = −0.3 we arrive at a value of approximately -0.6. Table 5 provides an overview of results. We observe that reducing σ from a value of 9 to 5 roughly doubles welfare responses -from our baseline scenario of -1.11 percent (row 1) to -2.08 percent (row 5). Intuitively, a lower elasticity of substitution implies that consumers do not respond as elastically to changes in relative prices by substituting expensive goods. As a consequence, higher trade costs lead to larger changes in the overall price index and thus in welfare. Notice, however, that the ranking of welfare losses across regions is not affected. Migration flows respond less sensitively to reductions in σ than welfare. Nevertheless, overall migration is predicted to rise by around 40 percent compared to the benchmark.
Accounting for locational preferences (higher value of β) or a higher productivity elas- As regions are affected to different extents, we finally examine how an increase in trade barriers at national borders affect the distribution of local GDP. Table 6 summarizes three different measures of inequality, namely variance, Gini-index, and Theil-index, before the trade cost shock and after the shock with intranational labor mobility and international labor mobility. We observe that the inequality measures increase by 0.54 percent, 0.02 percent and 0.11 percent, respectively, if workers can freely migrate within national borders.
Allowing for international migration raises inequality by a factor of 4-8. The variance is now predicted to increase by 2.2 percent, the Gini-index rises by 0.16 percent while the Theil-index goes up by 0.4 percent. In sum, the numbers suggest that trade integration in Europe has led to a more equal distribution of economic activity across regions. 
The Brexit
Turning from a historical event to the present, we use the model to study the implications of the Brexit for regional welfare and migration in both the UK and continental Europe.
In 2013, Britain's prime minister David Cameron announced to hold a referendum about membership in the European Union. Three years later, 51.9 percent of voters supported a withdrawal from the EU inducing prime minister Cameron to step back. 14 While the conditions of Brexit will be negotiated in the near future, it is expected that UK's access to the Single Market will be restricted implying higher trade frictions between the UK and the rest of the EU.
We consider two scenarios of how trade costs change after the Brexit following Dhingra et al. (2016) . In the optimistic scenario we assume that the UK would face one quarter of the tariff-equivalent of non-tariff barriers between the USA and the EU. Berden et al. As the above results relate only to the scenario where labor can migrate within the UK or within the rest of Europe, we are also interested in migration patterns with free mobility across Europe. We therefore compute migration flows both in total and as a share of the population in the UK and in the rest of Europe, respectively, rather than relative to each NUTS3-region. We observe from Table 7 that total migration within the UK amounts to about 52,000 individuals or 0.08 percent of the population if we consider the pessimistic scenario with a baseline value of σ = 9 (row 1). The corresponding figures for the EU are 451,000 or 0.1 percent of the population. In sum, the Brexit causes migration 15 See the survey by Costinot and Rodriguez-Clare (2014) . of about 500,000 individuals. If migration remains free across UK-EU boundaries, the model predicts that 366,000 individuals would relocate to another region. As the UK experiences a larger welfare loss than the EU, all relocation takes place across the Channel to settle in the EU. As the Brexit affects regions heterogeneously, as shown above, an additional 348,000 Europeans change location within the other European countries -which Note: This table reports the number of migrants in thousands and in percent of the overall population in the UK and the EU, respectively, as a response to the Brexit. We distinguish two scenarios (pessimistic and optimistic) and two values for the elasticity of substitution (σ = 9 and σ = 5). For the optimistic scenario we assume trade costs for EU-UK trade flows to increase by 3.7 percent; for the pessimistic scenario by 13.9 percent. We further distinguish between migration Within the UK and the EU and Free migration across all countries. Agglomeration and congestion elasticities are set to α = 0.1 and β = −0.3.
is less than the corresponding number in the within-scenario. These figures make up 0.58 percent of the British population and 0.08 percent of the population in the other European countries. Reducing the elasticity of substitution to σ = 5 raises migration to about 700,000 or by roughly 40 percent with internal migration and to more than one million migrants in total if we impose a lower elasticity of substitution of σ = 5. In the latter case, more than 530,000 people or 0.86 percent of the British population would leave the UK to settle in the rest of Europe.
Turning to the more favorable optimistic scenario where trade costs only increase by 3.7 percent, overall migration sums up to values between 136,000 (only 14,000 within the UK) and 193,000 (20,000 within the UK) if labor mobility is ruled out between the UK and the EU. If we relax this assumption, overall migration adds up to 275,000 in the case of σ = 5 implying an emigration of 142,000 people from the UK.
Conclusions
This paper has analyzed welfare and migration consequences of European integration using a quantitative spatial general equilibrium model similar to Allen and Arkolakis (2014) . Based on a unique dataset on inter-regional trade flows in Europe, we were able to quantify the model for 1,318 European regions in 2010 to study the heterogeneous effects of trade integration across regions.
If we raise trade costs to a level before the foundation of the European Community in 1957, welfare declines by about 1-2 percent on average. However, some remote locations face welfare losses of up to 4 percent. This sets off migration from the periphery to the center of about 8-11 million people, depending on the specification. We thus conclude that
European market integration has contributed to a more equal distribution of economic activity, that is less density in the core of Europe.
Turning to the present debate of UK's withdrawal from the European Union, the Brexit, we find that Scottish regions would expect the largest welfare losses while the south of England experiences the lowest losses. Since we employ a single-sector model, welfare losses are moderate with -0.44 percent in the most unfavorable scenario. Nevertheless, as the UK is affected more severely by the Brexit than the rest of Europe, free mobility across the Channel could imply emigration of more than 500,000 people from the UK to settle other parts of Europe. This is equivalent to nearly one percent of the British population.
level while Portugal has no regional breakdown (NUTS0 
B Data on local GDP and population
As the model requires data on local GDP and population (density) across European regions, we plot this information in two panels of Figure A1 . Darker colors indicate higher values of income and population. The data are taken from the Statistical Office of the European Union (Eurostat) and can be accessed via http://ec.europa.eu/eurostat/data/database. We use information on the gross domestic product (GDP) at current market prices by NUTS 3 regions with the code: nama_10r_3gdp; on area by NUTS-3 region with the code: demo_r_d3area; and on the average annual population to calculate regional GDP data (thousand persons) by NUTS-3 regions with the code: nama_10r_3popgdp. 
Supplement (not intended for publication)
The following two tables are replications of Table 3 for trade cost changes of 50 percent and 100 percent. Note: This table reports percentage change in welfare and population in response to a 100 percent increase of trade costs between European countries. Columns (1)-(3) assume no labor mobility and report average welfare changes per country as well as minimum and maximum values across regions. Column 4 reports the percentage change in population when we allow for labor to move freely across all locations. Columns 5 and 6 show the minimum and maximum population change in a region per country.
